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(57) ABSTRACT

A catheter 1s provided that includes an elongated tubular body
extending to a distal end. The tubular body has a first and a
second lumen with a septum disposed therebetween. The
tubular body includes a first wall that defines the first lumen
and a second wall that defines the second lumen. A portion of
the septum extends distally beyond the first lumen and the
second lumen. The first wall includes a first wall extension
that extends distally beyond the first lumen and 1s spaced
apart ifrom the portion of the septum. The first wall extension
defines a concave surface facing the portion of the septum. In
an alternate embodiment, the catheter includes a tip with
spiraled configuration. The catheter may include a third
lumen.

31 Claims, 18 Drawing Sheets
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TRIPLE LUMEN CATHETER WITH
OCCLUSION RESISTANT TIP

RELATED APPLICATION INFORMATION

This patent application i1s a continuation-in-part of U.S.
patent application Ser. No. 10/602,897, filed on Jun. 24, 2003,
now U.S. Pat. No. 7,141,035, which 1s a continuation-in-part
of PCT International Application No. PCT/US03/09687,
filed on Mar. 28, 2003 designating the United States of
America, the entire contents of both being incorporated
herein by reference.

BACKGROUND

1. Technical Field

The present disclosure relates generally to medical catheter
apparatus, and more particularly to a multiple lumen catheter
having a catheter tip that prevents occlusion during use.

2. Description of the Related Art

Some known catheters are tubular, flexible medical devices
for administration of fluids (withdrawal, introduction, etc.)
within cavities, ducts, vessels, etc. of a body.

These catheter devices may be employed for administra-
tion of fluids that includes the simultaneous introduction and
withdrawal of fluid for applications such as, surgery, treat-
ment, diagnosis, etc. In one particular hemodialysis applica-
tion, blood 1s withdrawn from a blood vessel for treatment by
an artificial kidney device and the treated blood 1s introduced
back into the blood vessel.

Various known catheter devices have been employed for
simultaneous withdrawal and introduction of fluid with a
body. These devices may utilize multiple lumens, such as dual
lumen catheters that facilitate bi-directional fluid flow
whereby one lumen performs withdrawal of blood and the
other lumen introduces treated blood to the vessel. During an
exemplary hemodialysis procedure, a multiple lumen cath-
eter 1s mnserted 1nto a body and blood 1s withdrawn through an
arterial lumen of the catheter. This blood is supplied to a
hemodialysis unit which dialyzes, or cleans, the blood to
remove waste and excess water. The dialyzed blood 1s
returned to the patient through a venous lumen of the catheter.
Typically, the venous lumen is separated from the arterial
lumen by an inner catheter wall, called a septum.

In addition, catheters can have a third lumen used, for
example, 1n hemodialysis treatment of patients that require
infusion of medication, blood sampling and/or pressure mea-
surement 1n a vessel to control the infusion rate of intravenous
fluids. Such catheters including at least three lumens facilitate
simultaneous hemodialysis and other forms of fluid adminis-
tration as described.

The efficiency of a hemodialysis procedure may be
reduced by undesirable recirculation of blood tlow whereby
the dialyzed blood exiting the venous lumen i1s directly
returned to the arterial lumen. To overcome this drawback
some catheter devices stagger the openings of the lumens
such that the opening of the venous lumen 1s disposed distally
beyond the opening of the arterial lumen.

These catheter devices, however, also suffer from various
additional drawbacks. For example, blood clots can form
adjacent to or on the opening of both lumens and at locations
between the opemings of the lumens. Another drawback that
may arise, due to the dedicated tflow direction for a particular
lumen, 1s recirculation if the flow direction 1s reversed. Fur-
ther, suction mtroduced through lumen openings of the prior
art may draw portions of a body vessel wall therein. These
drawbacks can disadvantageously result 1n tlow occlusion.
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Therelore, 1t would be desirable to overcome the disadvan-
tages and drawbacks of the prior art with a multiple lumen
catheter including a catheter tip that prevents occlusion dur-
ing use to facilitate unobstructed fluid flow. It would be desir-
able 11 such a catheter included concave surfaces adjacent the
catheter tip to prevent occlusion and undesirable recircula-
tion. The catheter may also facilitate reversible flow between
lumens of the catheter. It would be highly desirable if the
catheter and its constituent parts are easily and eificiently
manufactured and assembled.

SUMMARY

Accordingly, a multiple lumen catheter 1s provided includ-
ing a catheter tip that prevents occlusion during use to facili-
tate unobstructed flmid flow to overcome the disadvantages
and drawbacks of the prior art. Desirably, such a catheter
includes concave surfaces adjacent the catheter tip to prevent
occlusion and undesirable recirculation. The catheter may
also facilitate reversible flow between lumens of the catheter.
Most desirably, the catheter 1s easily and efficiently manufac-
tured and assembled. The present disclosure resolves related
disadvantages and drawbacks experienced 1n the art.

The present disclosure provides, among other things, a
multiple lumen dialysis catheter with a tip configuration such
that the distal ends of the lumens terminate 1n symmetrical
angled relationships. Distal wall extensions of the lumens are
at the same longitudinal position along the catheter. The cath-
eter may include sideholes.

Thus, the catheter tip configuration of the present disclo-
sure advantageously reduces the potential for positional
occlusion. The design of the catheter tip helps to keep the tip
away from the sidewall of the vessel, eliminating the potential
for the catheter to adhere to the vessel wall when suction 1s
applied.

The symmetrical catheter tip design also advantageously
tacilitates the capability of bi-directional fluid tlow for each
lumen of the catheter. The symmetrical configuration of the
catheter tip overcomes the disadvantages of dedicating a par-
ticular lumen to a tlow direction, such as, for example, inflow,
outflow, etc. This configuration results 1n similar recirculation
in either direction of the blood flow (inflow lumen used for
inflow and outflow lumen used for outflow, or outflow lumen
used for inflow and inflow lumen used for outflow). Thus,
blood clots attached to the catheter, including the septum may
be washed away by alternating and/or reversing flow direc-
tions with consecutive dialysis. It 1s contemplated that the
alternating and/or reversible flow may be provided by a
source outside the body of the catheter such as, for example,
a dialysis machine, etc. connected thereto.

In one particular embodiment, a catheter 1s provided, 1n
accordance with the principles of the present disclosure. The
catheter includes an elongated tubular body extending to a
distal end thereof. The tubular body has a first lumen and a
second lumen with a septum disposed therebetween. The
tubular body includes a first wall that defines the first lumen
and a second wall that defines the second lumen. A portion of
the septum extending distally beyond the first lumen and the
second lumen. The first wall includes a first wall extension
that extends distally beyond the first lumen and 1s spaced
apart from the portion of the septum. The first wall extension
defines a concave surface facing the portion of the septum.

The portion of the septum may define a planar surface that
faces the concave surface of the first wall extension. The first
wall extension may include a planar end surface that forms a
boundary about the concave surface of the first wall exten-
sion. The planar end surface can be disposed at an angular
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orientation relative to a planar surface of the portion of the
septum that faces the concave surface of the first wall exten-
S1011.

Alternatively, the second wall includes a second wall
extension that extends distally beyond the second lumen and
1s spaced apart from the portion of the septum. The second
wall extension defines a concave surface facing the portion of
the septum. The portion of the septum may define a planar
surtace that faces the concave surface of the second wall
extension. The second wall extension may include a planar
end surface that forms a boundary about the concave surface
of the second wall extension. The planar end surface can be
disposed at an angular orientation relative to a planar surface
ol the portion of the septum that faces the concave surface of
the second wall extension.

The concave surface of the first wall extension may define
a first cavity and the concave surface of the second wall
extension may define a second cavity. The first cavity and the
second cavity are symmetrical. The first wall extension and
the second wall extension may be symmetrically disposed
about the portion of the septum. The first wall extension may
include a first step extending a first distance beyond the first
lumen and a second step extending a second distance beyond
the first lumen. The second wall extension may include a first
step extending a first distance beyond the second lumen and a
second step extending a second distance beyond the second
lumen.

In an alternate embodiment, the septum has a septum
extension disposed adjacent to a distal tip of the catheter and
extends distally beyond the first lumen and the second lumen.
The first wall extends distally beyond the first lumen and 1s
spaced apart from the septum extension. The first wall exten-
sion defines a concave surface facing the septum extension.
The second wall extends distally beyond the second lumen
and 1s spaced apart from the septum extension. The second
wall extension defines a concave surface facing the septum
extension.

In another alternate embodiment, the septum extension
defines a first planar surface and an opposing second planar
surtace. The first wall includes a first wall extension that
extends distally beyond the first lumen and the second lumen.
The first wall 1s spaced apart from the septum extension. The
first wall extension defines a concave surface facing the first
planar surface of the septum extension and 1s bounded by a
planar end surface of the first wall extension. The planar end
surface of the first wall extension 1s disposed at an angular
orientation relative to the first planar surface of the septum
extension. The second wall includes a second wall extension
that extends distally beyond the first lumen and the second
lumen. The second wall 1s spaced apart from the septum
extension. The second wall extension defines a concave sur-
face facing the second planar surface of the septum extension
and 1s bounded by a planar end surface of the second wall
extension. The planar end surface of the second wall exten-
s1on 1s disposed at an angular orientation relative to the sec-
ond planar surface of the septum extension.

In another alternate embodiment, the concave surface of
the first wall extension defines a first cavity and the concave
surtface of the second wall extension defines a second cavity.
The first wall extension includes a first base that defines an
inlet opening of the first cavity. The first base 1s disposed
proximal to fluid flow being expelled from the second cavity
of the second wall extension. The second wall extension may
include a second base that defines an inlet opening of the
second cavity. The second base 1s disposed proximal to fluid
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flow being expelled from the first cavity of the second wall
extension. The first base and/or the second base may have an
arcuate configuration.

In another alternate embodiment, the first wall includes a
first wall extension that extends 1n a spiral configuration from
the first lumen and 1s spaced apart from the portion of the
septum. The second wall may include a second wall extension
that extends 1n a spiral configuration from the second lumen
and 1s spaced apart from the portion of the septum. The first
wall extension may include a planar end surface that forms a
boundary about the first wall extension and defines the spiral
configuration of the first wall extension. The second wall
extension may include a planar end surface that forms a
boundary about the second wall extension and defines the
spiral configuration of the second wall extension.

In an alternate embodiment, the tubular body has a third
lumen. The third lumen may be located coaxially along a
longitudinal center axis of the body, and may extend beyond
the first and second wall extensions having spiral configura-
tions. The third lumen may have a circular cross section and
its interior defined by an annular surface. The third lumen’s
exterior may be defined by a first outer wall and a second outer
wall, with the third lumen separated from the first lumen by
the first outer wall, and separated from the second lumen by
the second outer wall. The third lumen’s first outer wall may
bound lengthwise by a first surface of the septum, and its
second outer wall bound along the length of the third lumen
by a second surface of the septum.

As described above, the present invention can provide a
multiple lumen dialysis catheter with a tip configuration in
which the distal ends of the lumens terminate in symmetrical
angled relationships. The distal wall extensions of the lumens
are at the same longitudinal position along the catheter. The
catheter may include sideholes.

Accordingly, the catheter tip configuration advantageously
reduces the potential for positional occlusion. The design of
the catheter tip helps to keep the tip away from the sidewall of
the vessel, eliminating the potential for the catheter to adhere
to the vessel wall when suction 1s applied.

In addition, the symmetrical catheter tip design advanta-
geously provides the capability of bi-directional fluid flow for
cach lumen of the catheter. The symmetrical configuration of
the catheter tip overcomes the disadvantages of dedicating a
particular lumen to a tlow direction, such as, for example,
inflow, outtlow, etc. This configuration results 1n similar recir-
culation 1n either direction of the blood flow. Thus, blood clots
attached to the catheter, including the septum, may be washed
away by alternating flow directions with consecutive dialysis.
Inclusion of a third lumen allows for infusion of fluids while
the other two lumens are 1n use.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present disclosure, which
are believed to be novel, are set forth with particularity 1n the
appended claims. The present disclosure, both as to 1ts orga-
nization and manner of operation, together with further objec-
tives and advantages, may be best understood by reference to
the following description, taken in connection with the
accompanying drawings, as set forth below.

FIG. 1 1s a perspective view of a catheter in accordance
with the principles of the present disclosure, showing a sep-
tum 1n phantom:;

FIG. 2 1s a side view of a distal end of the catheter shown in
FIG. 1:

FIG. 3 1s a front view of the catheter shown in FIG. 1;
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FIG. 4 1s an enlarged side view of the distal end of the
catheter shown in FIG. 1;

FI1G. 5 1s an enlarged side view of an alternate embodiment
of the distal end of the catheter shown 1n FIG. 1;

FIG. 6 1s an enlarged perspective view of another alternate
embodiment of the catheter shown 1n FIG. 1;

FIG. 7 1s an enlarged alternate perspective view of the
catheter shown in FIG. 6;

FIG. 8 1s an enlarged alternate perspective view of the
catheter shown 1n FIG. 6;

FIG. 9 1s an enlarged alternate perspective view of the
catheter shown 1n FIG. 6;

FI1G. 10 1s a perspective view of another alternate embodi-
ment of the catheter shown in FIG. 1;

FIG. 11 1s a side view of the catheter shown 1n FIG. 10;

FIG. 12 1s an alternate perspective view of the catheter
shown 1n FIG. 10;

FIG. 13 1s an alternate perspective view of the catheter
shown 1n FIG. 10;

FIG. 14 1s an alternate perspective view of the catheter
shown 1n FIG. 10;

FIG. 15 1s an alternate side view of the catheter shown 1n
FI1G. 10;

FI1G. 16 1s a perspective view of the catheter shown 1n FIG.
10, 1llustrating flud flow;

FI1G. 17 1s a perspective view of the catheter shown 1n FIG.
10, 1llustrating fluid flow;

FIG. 18 1s a perspective side view of the catheter shown in
FIG. 10, illustrating fluid tlow;

FIG. 19 15 a perspective view of another alternate embodi-
ment of the catheter shown in FIG. 1;

FIG. 20 1s a side view of the catheter shown 1n FIG. 19;

FIG. 21 1s an alternate side view of the catheter shown 1n
FI1G. 19;

FIG. 22 15 a perspective view of another alternate embodi-
ment of the catheter shown in FIG. 1;

FIG. 23 1s a front view of the catheter shown 1n FIG. 22;

FI1G. 24 1s a cutaway side view of a distal end of the catheter
shown 1n FIG. 22;

FIG. 25 1s an alternate side view of the catheter shown 1n
FIG. 22; and

FIGS. 26a-26i are perspective cutaway views of alternate
configurations of a distal end of the catheter shown 1n FIG. 22.

(L]

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

The exemplary embodiments of the catheter and methods
of use disclosed are discussed in terms of medical catheters
for the admimstration of fluids (withdrawal, introduction,
etc.) with the body of a subject and more particularly, in terms
ol a catheter including a catheter tip that prevents occlusion
during use to facilitate unobstructed fluid tflow. The catheter 1s
advantageously configured to facilitate reversible fluid flow
between lumens thereof. It 1s envisioned that the present
disclosure may be employed with a range of catheters, such
as, for example, hemodialysis, peritoneal, infusion, PICC,
CVC, port, etc. and catheter applications including surgical,
diagnostic and related treatments of diseases, body ailments,
etc. of a subject. It 1s further envisioned that the principles
relating to the catheter disclosed include employment with
various catheter related procedures, such as, for example,
hemodialysis, cardiac, abdominal, urinary, intestinal, etc., in
chronic, acute, etc. applications. It 1s contemplated that the
catheter can be used for administration of fluids such as, for
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6

example, medication, saline, bodily fluids such as, blood,
urine, etc. The catheter may also be used to monitor subject
condition.

In the discussion that follows, the term “proximal” waill
refer to the portion of a structure that s closer to a practitioner,
while the term “distal” will refer to the portion that 1s further
from the practitioner. As used herein, the term “subject”
refers to a human patient or other animal. According to the
present disclosure, the term “practitioner” refers to a doctor,
nurse or other care provider and may include support person-
nel.

The following discussion includes a description of the
catheter, 1n accordance with the principles of the present
disclosure. Reference will now be made 1n detail to the exem-
plary embodiments of the disclosure, which are illustrated in
the accompanying figures.

Turming now to the figures, wherein like components are
designated by like reference numerals throughout the several
views. Referring initially to FIGS. 1-4, a catheter 10 includes
an elongated tubular body 12 that extends to a distal end 14.
Body 12 has a first lumen 16 and a second lumen 18, with a
septum 20 disposed therebetween. Body 12 includes a first
wall 22 that defines first lumen 16 and a second wall 24 that
defines second lumen 18. A portion, such as, for example,
septum extension 26 of septum 20 extends distally beyond
first lumen 16 and second lumen 18. Septum 20 1s medially
disposed, along a substantial portion of the longitudinal
length of body 12, between first lumen 16 and second lumen
18. Septum 20 may be variously disposed with body 12, such
as, for example, angularly oflset relative to extended portions
of the first and second walls, etc.

First wall 22 includes a first wall extension 28 that extends
distally beyond first lumen 16 and is spaced apart from sep-
tum extension 26. First wall extension 28 defines a concave
surface 30 that faces septum extension 26. Second wall 24
includes a second wall extension 32 that extends distally
beyond second lumen 18 and is spaced apart from septum
extension 26. Second wall extension 32 defines a concave
surface 34 that faces septum extension 26.

Septum extension 26 extends beyond first wall extension
28 and second wall extension 32. Septum extension 26 1s
medially disposed, as extending from body 12, between first
wall extension 28 and second wall extension 32. Septum
extension 26 may be variously disposed for extension from
body 12. The disclosed configuration of catheter 10 advanta-
geously prevents occlusion of first lumen 16 and second
lumen 18, as will be discussed. One or a plurality of wall
extensions may be employed with catheter 10, according to
the particular requirements of a catheter application.

Body 12 has a cylindrical outer surface 36. It 1s contem-
plated that body 12 may be variously dimensioned and attach-
able to other medical devices. It 1s further contemplated that
outer surface 36 may have various cross-sectional configura-
tions, such as, for example, oval, rectangular, elliptical,
polygonal, etc. Body 12 may also include lateral openings.
First wall 22 has a wall surface 38 that defines first lumen 16
in cooperation with a surface 40 of septum 20. Second wall 24
has a wall surface 42 that defines second lumen 18 1n coop-
cration with a surface 44 of septum 20.

Lumens 16, 18 each may have a substantially D-shaped or
semi-circular configuration. Lumens 16, 18 are elongated
with body 12 and surfaces 38, 40, 42, 44 are configured to
tacilitate fluid flow within lumens 16, 18. It 1s contemplated
that lumens 16, 18 may be configured for arterial and/or
venous flow. It 1s envisioned that lumens 16, 18 may have
various configurations, such as, for example, cylindrical, rect-
angular, elliptical, polygonal, etc. The first and second
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lumens may be configured for various forms of tluid flow 1n
various directions and orientations, according to the require-
ments ol a particular catheter application.

Lumens 16, 18 may be uniformly dimensioned or include
alternative dimensional cross sections within body 12, such
as, narrow and broad portions, converging surfaces, undulat-
ing surfaces, etc. according to the particular flow 1indications
and/or flow rate requirements. It 1s contemplated lumen 16
and lumen 18 may extend alternative lengths. It 1s further
contemplated that body 12 may include one or a plurality of
lumens, such as, for example, a triple lumen configuration,
etc.

First lumen 16 includes a first opening, such as, for
example, an inlet opening 46 that 1s disposed adjacent to
distal end 14 of body 12. An outlet opeming (not shown) of
first lumen 16 1s disposed adjacent a proximal end 48 of body
12. Inlet opening 46 1s configured for suction and may be
inserted with a blood vessel of a subject (not shown) such that
blood 1s withdrawn, by for example, arterial blood flow 1n a
first direction, from the blood vessel for treatment by an
artificial kidney device (not shown). Inlet opening 46 may be
variously dimensioned and configured, such as, for example,
rectangular, elliptical, polygonal, etc. and may include adapt-
ers, clips, etc. to facilitate tluid tlow and/or attachment to
other structure. It 1s contemplated that inlet opening 46 may
be configured for expulsion of tfluid.

First lumen 16 1s separated from second lumen 18 by
septum 20. Second lumen 18 1includes a second opening, such
as, for example, an outlet opening S0 that 1s disposed adjacent
to distal end 14 and in substantial longitudinal alignment,
along body 12, with inlet opening 46. An inlet opening (not
shown) of second lumen 18 1s disposed adjacent proximal end
48. Outlet opening 50 1s configured for expulsion of fluid and
introduces the treated blood from the artificial kidney device
back into the blood vessel, by for example, venous blood tlow
in a second opposite direction. Outlet opening 50 may be
variously dimensioned and configured, such as, for example,
rectangular, elliptical, polygonal, etc. and may include adapt-
ers, clips, etc. to facilitate tluid tlow and/or attachment to
other structure. It 1s contemplated that outlet opening 50 may
be configured for withdrawal of fluid.

The components of catheter 10 are fabricated from mate-
rials suitable for medical applications, such as, for example,
polymerics or metals, such as stainless steel, depending on
the particular catheter application and/or preference of a prac-
titioner. Semi-rigid and rigid polymerics are contemplated for
fabrication, as well as resilient materials, such as molded
medical grade polypropylene. One skilled 1n the art, however,
will realize that other materials and fabrication methods suit-
able for assembly and manufacture, 1n accordance with the
present disclosure, also would be appropriate.

First wall extension 28 extends distally, a distance a,
beyond inlet opening 46 of first lumen 16 and outlet opening,
50 of second lumen 18. It 1s contemplated that distance a may
extend various lengths according to the requirements of a
particular catheter application, such as, for example, approxi-
mately 0.100-0.200 inches. Concave surface 30 faces a first
planar surface 52 of septum extension 26 and 1s spaced apart
therefrom a distance b. It 1s contemplated that distance b may
extend various lengths. It 1s further contemplated that surface
52 may be non-planar, such as, for example, arcuate, undu-
lating, textured, etc.

Concave surface 30 i1s bounded by a planar end surface 54
of first wall extension 28 and spans a radial distance ¢. End
surface 54 extends about the perimeter of concave surface 30
such that first wall extension 28 has a scoop-like configura-
tion that facilitates fluid flow through first lumen 16. It 1s
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contemplated that first wall extension 28 may form alternate
configurations, such as, for example, spherical, rectangular,
ctc. End surface 54 includes a radial portion 35 adjacent a
distal end of first wall extension 28. Radial portion 55 extends
to the longitudinally oriented outer surface 36 of body 12 in
an arcuate configuration. This configuration advantageously
prevents a vessel wall (not shown) from becoming disposed
within the inlet of first lumen 16. In an alternate embodiment,
as shown 1n FIG. 5, a radial portion 1353 extends to the longi-
tudinally oriented outer surface 36 of body 12 1n a perpen-
dicular convergence.

It 1s contemplated that distance ¢ may extend various
lengths. Planar end surface 54 1s disposed at an angular or1-
entation a relative to first planar surface 52. It 1s envisioned
that end surface 54 may be disposed at various angular ori-
entations a, such as, for example, 5-20 degrees.

Concave surface 30 and first planar surface 52 cooperate to
define a first cavity 356. First cavity 56 1s disposed distally
beyond inlet opeming 46. First cavity 56 1s dimensioned and
configured according to the bounds of one or all of inlet
opening 46, concave surface 30, planar end surface 54 and
septum extension 26, according to the particular requirements
of a catheter application. The extension of first cavity 56
distally beyond inlet opening 46 prevents undesirable recir-
culation of fluid flow between first lumen 16 and second
lumen 18 as facilitated by the barrier provided by septum
extension 26.

Second wall extension 32 extends distally, a distance d,
beyond outlet opening 50 of second lumen 18 and inlet open-
ing 46 of first lumen 16. It 1s contemplated that distance d may
extend various lengths according to the requirements of a
particular catheter application, such as, for example, approxi-
mately 0.100-0.200 inches. Concave surface 34 faces a sec-
ond planar surface 58 of septum extension 26, opposing first
planar surface 52, and is spaced apart therefrom a distance ¢.

It 1s contemplated that distance € may extend various
lengths. It 1s further contemplated that surface 58 may be
non-planar, such as, for example, arcuate, undulating, tex-
tured, etc. It 1s envisioned that surface 52 may be disposed at
angular orientations relative to surface 58.

Concave surface 34 1s bounded by a planar end surface 60
of second wall extension 32 and spans a radial distance 1. End
surface 60 extends about the perimeter of concave surface 34
such that second wall extension 32 has a scoop-like configu-
ration that facilitates fluid tflow through second lumen 18. It 1s
envisioned that second wall extension 32 may form alternate
conflgurations, such as, for example, spherical, rectangular,
etc. End surface 60 includes a radial portion 61 adjacent a
distal end of second wall extension 32. Radial portion 61
extends to the longitudinally oriented outer surface 36 of
body 12 in an arcuate configuration. This configuration
advantageously prevents, for example, a vessel wall (not
shown) from becoming disposed within the distal opening of
second lumen 18 1n the event fluid 1s reversed and suction 1s
provided for withdrawal of fluid therethrough. In an alternate
embodiment, as shown 1n FIG. §, a radial portion 161 extends
to the longitudinally oriented outer surface 36 1n a perpen-
dicular 1ntersection.

It 1s contemplated that distance 1 may extend various
lengths. Planar end surface 60 1s disposed at an angular ori-
entation p relative to second planar surface 58. It1s envisioned
that end surface 60 may be disposed at various orientations |3,
such as, for example, 5-20 degrees.

Concave surface 34 and second planar surface 58 cooper-
ate to define a second cavity 62. Second cavity 62 is disposed
distally beyond outlet opening 50. Second cavity 62 1s dimen-
sioned and configured according to the bounds of one or all of
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outlet opening 50, concave surface 34, planar end surface 60
and septum extension 26, according to the particular require-
ments of a catheter application. The extension of second
cavity 62 distally beyond outlet opening 50 prevents undesir-
able recirculation of fluid flow between second lumen 18 and
first lumen 16 as facilitated by the barrier provided by septum
extension 26.

First wall extension 28 and second wall extension 32 are
symmetrically disposed about septum extension 26 such that
first cavity 56 and second cavity 62 are symmetrical. First
cavity 56 and second cavity 62 bound an equivalent space to
facilitate inflow and outflow capability for each lumen. The
space bounded by first cavity 36 and second cavity 62 have an
angular orientation as facilitated by respective planar end
surfaces 54, 60, discussed above. The angular orientations of
planar end surfaces 54, 60 (a, [3) cause cavities 56, 62 to direct
fluid 1n the direction shown by the arrows in FIG. 4.

The configuration of catheter 10 advantageously facilitates
reversible tlow between first lumen 16 and second lumen 18
such that, for example, blood clots attaching to catheter 10,
including septum 20, may be washed away by alternating
blood tlow directions. As second lumen 18 expels blood tlow
for introduction to the body vessel, blood flow 1s forced out of
second lumen 18. The blood flow 1s axially directed out of
cavity 62 past second wall extension 32. It 1s envisioned that
such axially directed blood tlow washes away any blood clots
disposed adjacent cavity 62. It 1s further envisioned that fluid
flow exiting second lumen 18 may wash other particles unde-
sirably attached to catheter 10. This configuration prevents
undesirable recirculation of fluid flow between second lumen
18 and first lumen 16. Thus, blood clots, etc. attached to
catheter 10, including septum 20 may be washed away by
alternating and/or reversing tlow directions with consecutive
dialysis. It 1s contemplated that the alternating and/or revers-
ible flow may be provided by a source outside the body of
catheter 10 such as, for example, a dialysis machine, etc.
connected thereto.

First lumen 16 1s provided with suction to withdraw fluids
fromthe body vessel. Efficiency of fluid inflow through cavity
56 to first lumen 16 1s improved due to the configuration of
cavity 56 and consequent fluid direction. It 1s contemplated
that blood clots, or other undesired particles, disposed adja-
cent cavity 56 of first lumen 16 may be washed away by
reversing blood tlow direction of lumens 16, 18 with consecu-
tive dialysis procedures. Upon reversal of blood flow direc-
tion, blood flow 1s expelled from cavity 56 and the axially
directed blood flow washes away blood clots, similar to that
described above. Second lumen 18 1s provided with suction to

withdraw fluids from the body vessel and 1nto opening 30.

The symmetrical configuration of first wall extension 28
and second wall extension 32 supports a vessel wall of a body
vessel (not shown). This configuration spaces the vessel wall
from 1nlet opening 46 and outlet opening 50 to prevent vessel
wall occlusion of openings 46, 50 during for example, suction
through the lumens. It 1s further envisioned that first wall
extension 28 and second wall extension 32 may have suili-
cient thickness and/or be fabricated from semi-rigid or rigid
materials to prevent undesired deformation thereof.

Referring to FIGS. 6-9, another alternate embodiment of
catheter 10 1s shown, similar to that described above. First
wall 22 includes a first wall extension 228 that extends dis-
tally beyond first lumen 16 and 1s spaced apart from septum
extension 26. First wall extension 228 defines a concave
surface 230 that faces septum extension 26. Second wall 24
includes a second wall extension 232 that extends distally
beyond second lumen 18 and is spaced apart from septum
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extension 26. Second wall extension 32 defines a concave
surface 234 that faces septum extension 26.

First wall extension 228 includes a first step 212 and a
second step 214 formed therewith. First step 212 1s formed
with septum extension 26. First step 212 and second step 214
are circumierentially disposed about septum extension 26. It
1s envisioned that first step 212 and/or second step 214 may
have alternate configurations, such as, for example, planar,
etc.

First step 212 extends distally, a distance aa, beyond inlet
opening 46 of first lumen 16 and outlet opening 50 of second
lumen 18. Second step 214 extends distally a distance bb,
beyond inlet opening 46 and outlet opening 50. It 1s contem-
plated that distance aa and bb may extend various lengths.
Concave surface 230 faces first planar surface 52 of septum
extension 26 and 1s spaced apart therefrom. Concave surface
230 spans across approximately one-quarter of the circum-
ference of body 12 or a substantially 90° arc as extended from
septum extension 26. It 1s envisioned that first step 212 and/or
second step 214, or other portions of concave surface 230 may
be variously disposed about body 12.

Concave surface 230 1s bounded by a planar end surface
254 of first wall extension 228. End surface 254 extends about
the perimeter of concave surface 230 to facilitate tluid tlow
through first lumen 16. Concave surface 230 and first planar
surface 52 cooperate to define first cavity 56, similar to that
described above. First cavity 56 1s further bounded by a
proximal base 264. Proximal base 264 defines a proximal
inlet portion for first lumen 16 during withdrawal of fluids. It
1s contemplated that suction provided with first lumen 16 has
a greater tluid tlow rate adjacent proximal base 264.

Second wall extension 232 includes a first step 216 and a
second step 218 formed therewith. First step 216 1s formed
with septum extension 26. First step 216 and second step 218
are circumierentially disposed about septum extension 26. It
1s contemplated that first step 216 and/or second step 218 may
have alternate configurations, such as, for example, planar,
etc.

First step 216 extends distally, a distance dd, beyond outlet
opening 50 and inlet opening 46. Second step 218 extends
distally a distance ee, beyond inlet opening 46 and outlet
opening 50. It 1s contemplated that distances dd and ee may
extend various lengths. Concave surtace 234 faces second
planar surface 58 of septum extension 26, opposing first pla-
nar surface 52, and 1s spaced apart therefrom. Concave sur-
face 234 spans across approximately one-quarter of the cir-
cumierence ol body 12 or a substantially 90° arc, as extended
from septum extension 26. It 1s envisioned that first step 216
and/or second step 218, or other portions of concave surface
234 may be variously disposed about body 12.

Concave surface 234 1s bounded by a planar end surface
260 of second wall extension 232. End surface 260 extends
about the perimeter of concave surface 234 to facilitate fluid
flow through second lumen 18. Concave surface 234 and
second planar surface 58 cooperate to define second cavity
62, similar to that described above. Second cavity 62 1s turther
bounded by a proximal base 266. For example, 11 fluid flow 1s
reversed with catheter 10, proximal base 266 defines a proxi-
mal 1nlet portion for second lumen 18 during withdrawal of
fluids. It 1s contemplated that suction provided with second
lumen 18 has a greater fluid tlow rate adjacent proximal base
266.

First wall extension 228 and second wall extension 232 are
symmetrically disposed about septum extension 26 such that
first cavity 36 and second cavity 62 are symmetrical. First
cavity 36 and second cavity 62 bound an equivalent space to
facilitate intlow and outtlow capability for each lumen.
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The configuration of catheter 10 advantageously facilitates
reversible flow between first lumen 16 and second lumen 18
such that, for example, blood clots attaching to catheter 10
may be washed away by alternating blood flow directions. As
second lumen 18 expels blood flow for introduction to the
body vessel, blood flow 1s forced out of second lumen 18. The
blood flow 1s axially directed out of cavity 62 past second wall
extension 232. It 1s envisioned that such axially directed
blood flow washes away any blood clots disposed adjacent
cavity 62. It 1s further envisioned that fluid flow exiting sec-
ond lumen 18 may wash other particles undesirably attached
to catheter 10.

First lumen 16 1s provided with suction to withdraw fluids
from the body vessel. The suction draws blood flow from
various directions and orientations into inlet opening 46. Suc-
tion 1s greater adjacent proximal base 264 due to its closer
proximity to a suction source (not shown). Fluid flow 1s
greater adjacent to proximal base 264 and therefore, advan-
tageously disposed proximal to the blood flow being expelled
from cavity 62 of second lumen 18. This configuration mini-
mizes recirculation between lumens 16, 18.

It 1s contemplated that blood clots, or other undesired par-
ticles, disposed adjacent cavity 56 of first lumen 16 may be
washed away by reversing blood tlow direction of lumens 16,
18. Upon reversal of blood flow direction, blood flow 1s
expelled from cavity 56 and the axially directed blood flow
washes away blood clots, similar to that described above.

Second lumen 18 1s provided with suction to withdraw
fluids from the body vessel and into opening 50. Second wall
extension 232 1s symmetrical with first wall extension 228,
and therefore, similar to proximal base 264, suction 1s greater
adjacent proximal base 266. Fluid flow 1s greater adjacent to
proximal base 266 and therefore, advantageously disposed
proximal to the blood flow being expelled from cavity 56.
This configuration minimizes recirculation between lumens
16, 18.

Referring to FIGS. 10-18, another alternate embodiment of
catheter 10 1s shown, similar to that described above. First
wall 22 includes a first wall extension 328 that extends dis-
tally beyond first lumen 16 and 1s spaced apart from septum
extension 26. First wall extension 328 defines a concave
surface 330 that faces septum extension 26. Second wall 24
includes a second wall extension 332 that extends distally
beyond second lumen 18 and is spaced apart from septum
extension 26. Second wall extension 32 defines a concave
surface 334 that faces septum extension 26.

First wall extension 328 includes a first step 312 and a
second step 314 formed therewith in an arcuate transition.
First step 312 1s formed with septum extension 26 1n an
arcuate transition. First step 312 and second step 314 are
circumierentially disposed about septum extension 26. It is
envisioned that first step 312 and/or second step 314 may have
alternate configurations, such as, for example, planar, etc.

First step 312 extends distally, a distance aa, beyond inlet
opening 46 of first lumen 16 and outlet opening 50 of second
lumen 18. Second step 314 extends distally a distance bb,
beyond inlet opening 46 and outlet opening 50. It 1s contem-
plated that distance aa and bb may extend various lengths.
Concave surface 330 faces first planar surface 52 of septum
extension 26 and 1s spaced apart therefrom. Concave surface
330 spans across approximately one-quarter of the circum-
terence of body 12 or a substantially 90° arc as extended from
septum extension 26. It 1s envisioned that first step 312 and/or
second step 314, or other portions of concave surface 330 may
be variously disposed about body 12.

Concave surface 330 1s bounded by a planar end surface
354 of first wall extension 328. End surface 354 extends about
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the perimeter of concave surface 330 to facilitate fluid flow
through first lumen 16. Concave surface 330 and first planar
surface 52 cooperate to define first cavity 56, similar to that
described above. First cavity 56 1s further bounded by a
proximal base 364. Proximal base 364 has an arcuate con-
figuration and defines a proximal 1nlet portion for first lumen
16 during withdrawal of fluids. It 1s contemplated that suction
provided with first lumen 16 has a greater fluid flow rate
adjacent proximal base 364.

Second wall extension 332 includes a first step 316 and a
second step 318 formed therewith in an arcuate transition.
First step 316 1s formed with septum extension 26. First step
316 and second step 318 are circumierentially disposed about
septum extension 26. It 1s contemplated that first step 316
and/or second step 318 may have alternate configurations,
such as, for example, planar, etc.

First step 316 extends distally, a distance dd, beyond outlet
opening 30 and inlet opening 46. Second step 318 extends
distally a distance ee, beyond inlet opeming 46 and outlet
opening 30. It 1s contemplated that distances dd and ee may
extend various lengths. Concave surface 334 faces second
planar surface 58 of septum extension 26, opposing first pla-
nar surface 52, and 1s spaced apart therefrom. Concave sur-
face 334 spans across approximately one-quarter of the cir-
cumierence of body 12 or a substantially 90° arc, as extended
from septum extension 26. It 1s envisioned that first step 316
and/or second step 318, or other portions of concave surface
334 may be variously disposed about body 12.

Concave surface 334 1s bounded by a planar end surface
360 of second wall extension 332. End surface 360 extends
about the perimeter of concave surface 334 to facilitate fluid
flow through second lumen 18. Concave surface 334 and
second planar surface 38 cooperate to define second cavity
62, similar to that described above. Second cavity 62 is further
bounded by a proximal base 366. For example, 11 fluid tlow 1s
reversed with catheter 10, proximal base 366 has an arcuate
configuration and defines a proximal inlet portion for second
lumen 18 during withdrawal of fluids. It 1s contemplated that
suction provided with second lumen 18 has a greater tluid
flow rate adjacent proximal base 366.

First wall extension 328 and second wall extension 332 are
symmetrically disposed about septum extension 26 such that
first cavity 56 and second cavity 62 are symmetrical. First
cavity 36 and second cavity 62 bound an equivalent space to
facilitate intlow and outtlow capability for each lumen.

The configuration of catheter 10 advantageously facilitates
reversible flow between first lumen 16 and second lumen 18
by alternating blood flow directions. As second lumen 18
expels blood flow for itroduction to the body vessel, blood
flow 1s forced out of second lumen 18. The blood flow 1s
axially directed out of cavity 62 past second wall extension
332. It 1s envisioned that such axially directed blood tlow
washes away any blood clots disposed adjacent cavity 62.

First lumen 16 1s provided with suction to withdraw tluids
from the body vessel. The suction draws blood flow from
various directions and orientations into inlet opening 46. Suc-
tion 1s greater adjacent proximal base 364 due to its closer
proximity to a suction source (not shown). Fluid flow 1s
greater adjacent to proximal base 364 and therefore, advan-
tageously disposed proximal to the blood flow being expelled
from cavity 62 of second lumen 18. This configuration mini-
mizes recirculation between lumens 16, 18.

It 1s contemplated that blood clots, or other undesired par-
ticles, disposed adjacent cavity 56 of first lumen 16 may be
washed away by reversing blood tflow direction of lumens 16,
18. Upon reversal of blood flow direction, blood flow 1s
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expelled from cavity 56 and the axially directed blood flow
washes away blood clots, similar to that described above.

Second lumen 18 1s provided with suction to withdraw
fluids from the body vessel and into opening 50. Second wall
extension 332 1s symmetrical with first wall extension 328,
and therefore, similar to proximal base 364, suction 1s greater
adjacent proximal base 366. Fluid flow 1s greater adjacent to
proximal base 366 and therefore, advantageously disposed
proximal to the blood flow being expelled from cavity 56.
This configuration minimizes recirculation between lumens
16, 18.

Referring to FIGS. 19-21, another alternate embodiment of
catheter 10 1s shown, similar to that described above. First
wall 22 includes a first wall extension 428 that extends dis-
tally beyond first lumen 16 and 1s spaced apart {from septum
extension 26. First wall extension 428 defines a concave
surface 430 that faces septum extension 26. Second wall 24
includes a second wall extension 432 that extends distally
beyond second lumen 18 and is spaced apart from septum
extension 26. Second wall extension 432 defines a concave
surface 434 that faces septum extension 26.

First wall extension 428 is circumierentially disposed
about septum extension 26 1n a spiral configuration to facili-
tate fluid flow and prevent recirculation between lumens 16,
18. It 1s envisioned that first wall extension 428 may include
various spiral configurations, such as, for example, a more
clongated spiral, a spiral having a more acute winding type
design, helical, etc. First wall extension 428 extends distally,
a distance aaa, beyond 1nlet opening 46 of first lumen 16 and
outlet opening 50 (shown 1n phantom) of second lumen 18. It
1s contemplated that distance aaa may extend various lengths.
Concave surface 430 faces first planar surface 52 of septum
extension 26 and 1s spaced apart therefrom.

Concave surface 430 1s bounded by a planar end surface
454 of first wall extension 428. End surface 454 extends about
the perimeter of concave surface 430 1n a spiral configuration,
as described above, to facilitate fluid flow through first lumen
16. Concave surface 430 and first planar surface 52 cooperate
to define first cavity 56, similar to that described above. First
cavity 56 1s further bounded by a proximal base 464 of end
surface 454. Proximal base 464 1s formed with septum exten-
s1on 26 1n an arcuate transition. Proximal base 464 has an
arcuate configuration and defines a proximal inlet portion for
first lumen 16 during withdrawal of fluids. It 1s contemplated
that suction provided with first lumen 16 has a greater fluid
flow rate adjacent proximal base 464.

Second wall extension 432 1s circumierentially disposed
about septum extension 26 1n a spiral configuration to facili-
tate fluid flow and prevent recirculation between lumens 16,
18. It 1s envisioned that first wall extension 432 may include
various spiral configurations, such as, for example, a more
clongated spiral, a spiral having a more acute winding type
design, helical, etc. Second wall extension 432 extends dis-
tally, a distance bbb, beyond outlet opening 50 (shown in
phantom and similarly configured to inlet opening 46) and
inlet opening 46. It 1s contemplated that distance bbb may
extend various lengths. Concave surface 434 faces second
planar surface 58, opposing first planar surface 52, of septum
extension 26 and 1s spaced apart therefrom.

Concave surface 434 1s bounded by a planar end surface
460 of second wall extension 432. End surface 460 (similarly
configured to end surface 454, although end surfaces 454, 460
may include alternative or distinct structure) extends about
the perimeter of concave surface 434 1n a spiral configuration,
as described above, to facilitate fluid flow through second
lumen 18. Concave surface 434 and second planar surface 58
cooperate to define second cavity 62 (shown in phantom),
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similar to that described above. Second cavity 62 1s turther
bounded by a proximal base 466 of end surface 460 (shown in
phantom and similarly configured to base 464, although bases
464, 466 may include alternative or distinct structure). For
example, 11 fluid flow 1s reversed with catheter 10, proximal
base 466 has an arcuate configuration and defines a proximal
inlet portion for second lumen 18 during withdrawal of fluids.
It1s contemplated that suction provided with second lumen 18
has a greater tluid tlow rate adjacent proximal base 466.

First wall extension 428 and second wall extension 432 are
symmetrically disposed about septum extension 26 such that
first cavity 36 and second cavity 62 are symmetrical. First
cavity 56 and second cavity 62 bound an equivalent space to
facilitate inflow and outtlow capability for each lumen.

The configuration of catheter 10 advantageously facilitates
reversible flow between first lumen 16 and second lumen 18
by alternating blood flow directions. As second lumen 18
expels blood flow for introduction to the body vessel (shown
by arrows A 1n FIG. 19), blood flow 1s forced out of second
lumen 18. The blood flow 1s axially directed out of cavity 62
past second wall extension 432. It 1s envisioned that such
axially directed blood flow washes away any blood clots
disposed adjacent cavity 62.

First lumen 16 1s provided with suction to withdraw tluids
from the body vessel. The suction draws blood flow from
various directions and orientations into inlet opening 46
(shown by arrows B 1n FIG. 19). Suction 1s greater adjacent
proximal base 464 due to its closer proximity to a suction
source (not shown). Fluid flow 1s greater adjacent to proximal
base 464 and therefore, advantageously disposed proximal to
the blood flow being expelled from cavity 62 of second lumen
18. This configuration minimizes recirculation between
lumens 16, 18.

It 1s contemplated that blood clots, or other undesired par-
ticles, disposed adjacent cavity 56 of first lumen 16 may be
washed away by reversing blood flow direction of lumens 16,
18. Upon reversal of blood flow direction, blood flow 1s
expelled from cavity 36 and the axially directed blood tlow
washes away blood clots, similar to that described above.

Second lumen 18 1s provided with suction to withdraw
fluids from the body vessel and into opening 50. Second wall
extension 432 1s symmetrical with first wall extension 428,
and therefore, similar to proximal base 464, suction 1s greater
adjacent proximal base 466. Fluid flow 1s greater adjacent to
proximal base 466 and therefore, advantageously disposed
proximal to the blood flow being expelled from cavity 56.
This configuration minimizes recirculation between lumens
16, 18.

Referring to FIGS. 22-26, another alternate embodiment of
catheter 10 1s shown, similar to that described above with
regard to FIGS. 19-21, that includes a third lumen 517.
Advantageously, third lumen 517 can be used with first and
second lumens 16, 18 including simultaneous and intermiat-
tent operation. Third lumen 517 may be employed for various
utility, such as, for example, medication infusion, blood sam-
pling, or pressure measurement 1n a vessel.

Third lumen 317 1s coaxially disposed with a longitudinal
center axis of tubular body 12, and extends to distal end 14
beyond first lumen 16 and second lumen 18. Third lumen 517
bisects septum 20 along a length thereol and has a substan-
tially circular cross-section. The interior of third lumen 517 1s
defined by an annular surface 570 configured to facilitate fluid
flow within lumen 517. It 1s contemplated that third lumen
517 may also be configured for arterial and/or venous flow. It
1s envisioned that third lumen 517 may have various cross-
sectional configurations, such as, for example, cylindrical,
rectangular, elliptical, polygonal, etc. A number of such alter-
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nate configurations are shown in FIGS. 26a-26i and will be
later described. Third lumen 517 may be also configured for
various forms of fluid tlow 1n various directions and orienta-
tions, according to the requirements of a particular catheter
application.

Third lumen 517 may be uniformly dimensioned or include
alternative dimensional cross sections within body 12, such
as, narrow and broad portions, converging surfaces, undulat-
ing surfaces, etc. according to the particular flow 1indications
and/or flow rate requirements. It 1s contemplated that third
lumen 517 may extend alternative lengths. It 1s Turther con-
templated that body 12 may include additional lumens, such
as, for example, a four lumen configuration (see, for example,
FIG. 26¢), etc.

Third lumen 517 includes a first opening, such as, for
example, an outlet opening 572 that 1s disposed at distal end
14 of body 12. An 1nlet opening (not shown) of third lumen
517 1s disposed at proximal end 48 of body 12. Outlet opening
572 1s configured for expulsion of fluid and itroduces such
fluid 1nto the blood vessel of a subject (not shown). Outlet
opening 372 may be variously dimensioned and configured,
such as, for example, rectangular, elliptical, polygonal, etc.
and may include adapters, clips, etc. to facilitate fluid flow
and/or attachment to other structure. It 1s contemplated that
outlet opening 572 may also be configured for suction of
fluid, or for other suitable purpose.

The exterior of third lumen 517 1s defined by a first arcuate
wall 574 and a second arcuate wall 576. Third lumen 517 1s
separated from first lumen 16 by first arcuate wall 574. Thas
first arcuate wall 574 1s bound along the length of third lumen
517 on either side by surface 40 of septum 20. Arcuate wall
574 1s bound at outlet opening 572 by a planar end surface
578. End surface 578 extends about the perimeter of arcuate
wall 574.

Third lumen 517 1s separated from second lumen 18 by
second arcuate wall 576. This second arcuate wall 576 1s
bound on either side along the length of third lumen 3517 by
septum surface 44. Arcuate wall 5376 1s bound at outlet open-
ing 572 also by planar end surface 578. End surface 578
extends about the perimeter of arcuate wall 574.

Firstwall 22 includes a first wall extension 528 that extends
distally beyond first lumen 16 and 1s spaced apart from sep-
tum extension 26. First wall extension 328 defines a concave
surface 530 that faces septum extension 26. Second wall 24
includes a second wall extension 532 that extends distally
beyond second lumen 18 and is spaced apart from septum
extension 26. Second wall extension 532 defines a concave
surtace 534 that faces septum extension 26.

A first blunt tip section 580 1s disposed at the distal end of
first wall extension 528. First blunt tip section 580 extends
along the distal perimeter of first wall extension 528 from
septum surface 32 to planar end surface 554 1n an arcuate
configuration. A second first blunt tip section 582 (similarly
configured to tip section 580, although tip sections 580, 582
may include alternative or distinct structure) 1s disposed at the
distal end of second wall extension 528. Second tip section
582 extends along the distal perimeter of second wall exten-
s10n 532 from septum surtace 52 to planar end surface 454 1n
an arcuate configuration. Advantageously, the blunt configu-
ration of tip sections 380, 582 1s designed to prevent trauma to
or “snagging” of the vessel wall. Alternatively, as shown 1n
FIG. 26a, end surfaces 554, 560 extend continuously 1n a
smooth transition along the distal perimeter of respective wall
extensions 528, 532 to distal end 14.

In each of the alternate embodiments shown 1n FIGS. 265
and 26c¢, third lumen 3517 has a substantially wedge shaped
cross-section. Third lumen 517 1s separated from first lumen

5

10

15

20

25

30

35

40

45

50

55

60

65

16

16 by a wall 600, and 1s separated from second lumen 18 by
septum 20. As shown 1n FIG. 265, wall extensions 528, 532
include blunt tip sections 580, 582. As shown in FIG. 26¢, end
surfaces 654, 660 extend continuously with smooth transition
along the distal perimeter of respective wall extensions 628,

632.

Each of the alternate embodiments shown in FIGS. 264 and
26¢ includes a fourth lumen 702 similar to third lumen 517.
Fourth lumen 702 has a substantially wedge shaped cross-
section. Fourth lumen 702 1s separated from second lumen 18
by wall 700, and 1s separated from first lumen 16 by septum
20. As shown 1n FIG. 264, wall extensions 528, 532 include
blunt tip sections 580, 382. As shown 1n FIG. 26¢, end sur-
faces 754, 760 extend continuously 1n a smooth transition
along the distal perimeter of respective wall extensions 728,
732.

In each of the alternative embodiments shown 1n FIGS. 26/
and 26¢, third lumen 517 1s disposed longitudinally within
first lumen 16. Third lumen 517 bisects surface 40 of septum
20 along a length thereof and has a substantially circular
cross-section. As shown in FIG. 267, wall extensions 528, 532
include blunt tip sections 580, 382. As shown 1n FIG. 26g, end
surfaces 834, 860 extend continuously 1n a smooth transition
along the distal perimeter of respective wall extensions 828,
832.

In each of the alternative embodiments shown 1n FIGS. 26/
and 261, third lumen 517 has a substantially wedge shaped
cross-section. Third lumen 517 1s separated from first lumen
16 by a wall 900, and 1s separated from second lumen 18 by
a wall 902. Walls 900, 902 merge with septum 20 and septum
extension 26, and a wall extension 904 of body 12 define third
lumen 517. Third lumen 517 1s disposed adjacent an end of
septum extension 26. As shown in FI1G. 26/, wall extensions
528, 532 include blunt tip sections 580, 582. As shown in FIG.
261, end surfaces 954, 960 extend continuously 1n a smooth
transition along the distal perimeter of respective wall exten-
sions 928, 932.

It will be understood that various modifications may be
made to the embodiments disclosed herein. Therefore, the
above description should not be construed as limiting, but
merely as exemplification of the various embodiments. Those
skilled 1n the art will envision other modifications within the
scope and spirit of the claims appended hereto.

What 1s claimed 1s:

1. A catheter comprising:

an elongated tubular body defining a longitudinal axis and

extending to a distal end thereof, the tubular body having

a first lumen and a second lumen with a septum disposed
therebetween, the tubular body including a first wall that
defines the first lumen and a second wall that defines the
second lumen, a portion of the septum extending distally
beyond the first lumen and the second lumen;

wherein the first wall includes a first wall extension that

extends 1n a spiral configuration from the first lumen
about the longitudinal axis and 1s spaced apart from the
portion of the septum; and

the tubular body having a third lumen.

2. A catheter as recited 1n claim 1, wherein the third lumen
1s located coaxially along a longitudinal center axis of the
tubular body.

3. A catheter as recited in claim 1, wherein the third lumen
has a substantially circular cross section.

4. A catheter as recited in claim 1, wherein an exterior of the
third lumen 1s defined by a first outer wall and a second outer
wall, the third lumen 1s separated from the first lumen by said
first outer wall, and the third lumen 1s separated from the
second lumen by said second outer wall.
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5. A catheter as recited 1n claim 4, wherein the first outer
wall 1s bound along a length of the third lumen by a first
surface of the septum, and the second outer wall 1s bound
along the length of the third lumen by a second surface of the
septum.

6. A catheter as recited in claim 1, wherein a portion of the
third lumen extends distally beyond the first and second
lumens.

7. A catheter as recited 1n claim 1, wherein the second wall
includes a second wall extension that extends in a spiral
configuration from the second lumen and 1s spaced apart from
the portion of the septum.

8. A catheter as recited 1in claim 1, wherein the first wall
extension includes a planar end surface that forms a boundary
about the first wall extension and defines the spiral configu-
ration of the first wall extension.

9. A catheter as recited 1n claim 7, wherein the first wall
extension defines a first cavity and the second wall extension
defines a second cavity, the first cavity and the second cavity
being symmetrical.

10. A catheter as recited in claim 1, wherein the third lumen
has a substantially wedge shaped cross section.

11. A catheter as recited 1n claim 10, wherein the wedge
shaped third lumen 1s separated from said first lumen by a
third outer wall, and 1s separated from said second lumen by
said septum.

12. A catheter comprising;:

an elongated tubular body defining a longitudinal axis and
extending to a distal end thereof, the tubular body having
a first lumen and a second lumen with a septum disposed
therebetween, the tubular body including a first wall that
defines the first lumen and a second wall that defines the
second lumen, a portion of the septum extending distally
beyond the first lumen and the second lumen;

wherein the first wall includes a first wall extension that
extends 1n a spiral configuration from the first lumen
about the longitudinal axis and 1s spaced apart from the
portion of the septum; and

the tubular body includes a third lumen which extends
distally beyond the first wall extension.

13. A catheter as recited 1in claim 12, wherein the first wall
extension defines a concave surface facing said portion of the
septum and includes a planar surface that forms a boundary
about said concave surface and defines the spiral configura-
tion of the first wall extension.

14. A catheter as recited 1n claim 12, wherein the third
lumen 1s located coaxially along a longitudinal center axis of
the tubular body.

15. A catheter as recited 1in claim 12, wherein the third
lumen has a substantially circular cross section.

16. A catheter as recited 1in claim 12, wherein an exterior of
the third lumen 1s defined by a first outer wall and a second
outer wall, the third lumen 1s separated from the first lumen by
said first outer wall, and the third lumen 1s separated from the
second lumen by said second outer wall.

17. A catheter as recited 1in claim 16, wherein the first outer
wall 1s bound along a length of the third lumen by a first
surface of the septum, and the second outer wall 1s bound
along the length of the third lumen by a second surface of the
septum.

18. A catheter as recited 1n claim 12, wherein a portion of
the third lumen extends distally beyond said first and second
lumens.

19. A catheter as recited 1in claim 12, wherein the third
lumen has a substantially wedge shaped cross section.
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20. A catheter as recited 1n claim 19, wherein the wedge
shaped third lumen 1s separated from said first lumen by a
third outer wall, and 1s separated from said second lumen by
said septum.

21. A catheter comprising:

an elongated tubular body defining a longitudinal axis and
extending to a distal end thereot, the tubular body having
a first lumen and a second lumen with a septum disposed
therebetween, the tubular body including a first wall that
defines the first lumen and a second wall that defines the
second lumen, a portion of the septum extending distally
beyond the first lumen and the second lumen;

wherein the first wall includes a first wall extension that
extends 1n a spiral configuration from the first lumen
about the longitudinal axis and 1s spaced apart from the
portion of the septum; and

the tubular body having a third lumen of substantially
circular cross section and extending distally beyond the
first and second lumens, said third lumen located coaxi-
ally along a center longitudinal axis of said tubular body
so to bisect said septum,

an exterior of the third lumen 1s defined by a first arcuate
wall and a second arcuate wall, the third lumen 1s sepa-
rated from the first lumen by said first arcuate wall, and
the third lumen 1s separated from the second lumen by
said second arcuate wall.

22. A catheter comprising:

an elongated tubular body defining a longitudinal axis and
extending to a distal end thereof, the tubular body having
a first lumen and a second lumen with a septum disposed
therebetween, the tubular body including a first wall that
defines the first lumen and a second wall that defines the
second lumen, a portion of the septum extending distally
beyond the first lumen and the second lumen;

wherein the first wall includes a first wall extension that
extends 1n a spiral configuration from the first lumen
about the longitudinal axis and 1s separated from the
portion of the septum,

a blunt tip section 1s disposed at a distal end of said first wall
extension; and

the tubular body has a third lumen.

23. A catheter as recited in claim 22, wherein said first tip
section extends about a distal perimeter of said first wall
extension from a surface of said septum to an end surface of
said first wall extension 1n an arcuate configuration.

24. A catheter as recited 1n claim 22, wherein the third
lumen 1s located coaxially along a longitudinal center axis of
the tubular body.

25. A catheter as recited 1n claim 22, wherein the third
lumen has a substantially circular cross section.

26. A catheter as recited 1n claim 22, wherein an exterior of
the third lumen 1s defined by a first outer wall and a second
outer wall, the third lumen 1s separated from the first lumen by
said first outer wall, the third lumen 1s separated from the
second lumen by said second outer wall.

27. A catheter as recited 1n claim 26, wherein the first outer
wall 1s bound along a length of the third lumen by a first
surface of the septum, and the second outer wall 1s bound
along the length of the third lumen by a second surface of the
septum.

28. A catheter as recited 1n claim 22, wherein a portion of
the third lumen extends distally beyond said first and second
lumens.

29. A catheter as recited 1n claim 22, wherein the third
lumen has a substantially wedge shape cross section.
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30. A catheter as recited 1n claim 29, wherein the wedge configuration from the second lumen and 1s spaced apart from
shaped third lumen 1s separated from said first lumen by a the portion of the septum, and a second blunt tip section 1s
third outer wall, and 1s separated from said second lumen by disposed at a distal end of said second wall extension.

said septum.
31. A catheter as recited 1n claim 22, wherein the second 5

wall includes a second wall extension that extends 1n a spiral %k k%
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